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Ejection Fraction Determination Without Planimetry by
Two-Dimensional Echocardiography: A New Method
ANDRIJ O. BARAN, MD, GARY J. ROGAL, MD, NAVIN C. NANDA, MD, FACC
Rochester. New York
A new method for determining ejection fraction by two-
dimensional echocardlography was assessed in 60 pa-
tients undergoing angiography. In method A, the left
ventricular minor axis was measured at the mldventri-
cular cavity level in end-systole and end-diastole using
the apical four chamber view in the 60 patients. The left
ventricular major axis was also measured from the left
ventricular apex to the base of the mitral valve at end-
systole and end-diastole. The ejection fraction was de-
termined using a modified cylinder-ellipse algorithm. In
method B, measurements of the left ventricular minor
axis were made in 40 consecutive patients, at the upper,
middle and lower thirds of the left ventricular cavity at
end-systole and end-diastole of the same cardiac cycle
and left ventricular major axis was measured as in method
A. With use of the same algorithm, three regional ejec-
tion fractions were determined and averaged to yield the
total ejection fraction.
The two echocardiographic methods were compared
with single plane cineangiography in all patients and
with gated nuclear scanning in 14 patients. Reproduci-
bility was assessed by interobserver comparison. Cor-
Measurement of the ejection fraction has proved to be an
important index in assessing left ventricular function. In
vitro animal (1-3) and postmortem studies of human patients
(4), as weIl as clinical studies using angiographic methods
for comparison (5-9) have shown two-dimensional echo-
cardiography to be a fairly accurate method for determining
left ventricular volumes and ejection fraction. Many meth-
ods for determining ejection fraction by two-dimensional
echocardiography have been suggested (1-9). Most, how-
ever, are time-consuming and require multiple tomographic
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relation was determined in all patients and then sepa-
rately for those with echocardiographic wall motion
abnormalities. The correlation coefficientfor all patients
was 0.79 (probability [p] < 0.001) for method A and
0.90 (p < 0.001) for method B. For patients with wall
motion abnormalities, method A had a correlation coef-
ficient of 0.38 (p < 0.1) and method B showed much
higher correlation with r = 0.82 (p < 0.001). Corre-
sponding values for methods A and B in patients without
wall motion abnormality were 0.85 (p < 0.001) and 0.88
(p < 0.001), respectively.
Unlike a previous study, this method directly mea-
sures fractional shortening of left ventricular major axis
and ejection fraction values are not arbitrarily modified
by type of wall motion abnormality. With this method,
accurate measurement of ejection fraction can be made
by two-dimensional echocardiography without plani-
metry. In the absence of echocardiographic wall motion
abnormalities, a very simple method A suffices. Ifwall
motion abnormalities are present, the regional ejection
fraction method B provides excellent results.
views with image tracing and planimetry. To date, only one
method has been described (10) that eliminates the need for
planimetry. Despite good correlation with gated nuclear blood
pool scanning and angiography, this method has certain
limitations; it stiIl requires multiple views and does not
directly measure the contribution of the shortening of the
left ventricular long axis to the ejection fraction. This portion
of the ejection fraction is accounted for by adding or sub-
tracting an arbitrary percent depending on the subjective
assessment of apical waIl motion. This study was designed
to eliminate these difficulties and still accurately determine
ejection fraction without using planimetry. by applying a
modification of the cylinder-ellipse formula (1-3).
Methods
Study patients. Sixty-eight consecutive patients (53 men,
15 women; age range 26 to 75 years) with normal sinus
rhythm and undergoing coronary angiography were studied
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where A is the cross-sectional area of the cylinder and L is
the length of the total object. Because the cross-sectional
area A of a cylinder is a circle, if the diameter (D) of the
circle were known, A would be calculated as:
prospectively. All patients underwent two-dimensional
echocardiographic examination within 24 hours of angi-
ography. Fourteen of these patients also had gated nuclear
scanning performed within 36 hours of angiography. Four
patients were excluded because of technically unsatisfactory
echocardiograms. Four additional patients were excluded
because of ventricular tachycardia during invasive contrast
ventriculography. Of the remaining 60 patients, 44 had sig-
nificant (> 75% stenosis) coronary artery disease alone.
Four had coronary artery disease and aortic stenosis, two
had coronary artery disease and mitral regurgitation and two
had coronary artery disease and aortic regurgitation. Of the
eight patients without coronary artery disease, two had aortic
stenosis, one had mitral regurgitation and one had both aortic
stenosis and aortic regurgitation. Four patients had normal
angiograms.
Echocardiographic measurements. Real time two-di-
mensional echocardiography was performed using a com-
mercially available Advanced Technology Laboratory wide
angle 90° mechanical sector scanner with 3 MHz transducer
or an Advanced Diagnostic Research 4000S 3 MHz sector
scanner. All studies were recorded on a Panasonic video-
recorder with freeze frame and frame advance capability.
All patients were studied in the 30 and 60° left lateral de-
cubitus position. A routine complete two-dimensional echo-
cardiographic examination was performed and presence or
absence of segmental wall motion abnormalities was noted.
All measurements were made directly from the video screen
using the apical four chamber view, because this view per-
mits simultaneous measurement of both the major and minor
left ventricular axes and allows good visualization of both
opposing left ventricular walls.
Methods for measuring ejection fraction. The end-dia-
stolic frame was selected as having the largest left ventric-
ular cavity size and the end-systolic frame as having the
smallest left ventricular cavity size. Ejection fraction was
then determined using two methods of measurement (A and
B).
Assuming the left ventricle to be a combination of a
cylinder and prolate ellipse (Fig. 1) (1-3) the volume is
equal to:
Figure 1. Modified cylinder-ellipse formula (1-3). A = cross-
sectional area of cylinder (hatched); D = diameter of circle A;
L = length of entire object; LVV = left ventricular volume.
(4)EF
where Do = minor left ventricular axis in diastole, D, =
minor left ventricular axis in systole, Lo = major left ven-
tricular axis in diastole and Ls = major left ventricular axis
in systole.
This simplifies to:
(Dof • Lo - (DS)2 . Ls
(DO) 2 • L[)
LVV =5/6 A'L
A=11 (DI2)2
THEREFORE
LVV=5/611 (DI2)2 xL
In method A, the left ventricular minor axis was mea-
sured in all 60 patients at the midventricular cavity level,
and the left ventricular major axis was measured from the
left ventricular apex to the base of the mitral valve in end-
systole and end-diastole (Fig. 2). Then using formula (4),
the ejection fraction was calculated.
In method B, we considered the ventricle to comprise
three regions, each contributing one-third to the total ejec-
tion fraction. This was done to take into account the effect
of wall motion abnormalities on ejection fraction, because
the chance of including a dyskinetic segment in at least one
of the three regions is increased. In 40 consecutive patients,
the left ventricular minor axis was obtained for each of the
three regions from the most technically optimal freeze frame
at end-systole and end-diastole of the same cardiac cycle
(Fig. 2). Left ventricular major axis measurement was per-
formed as in method A.
Measurement of the three minor axes was performed at
three equidistant points in the same regions as suggested by
Quinones et al. (10) approximately 1 em above the base of
the mitral valve (Dd, at the midcavitary area (D2) and at
an equidistant point (D 3) toward the apex. Then using the
same formula (4), three regional ejection fractions were
determined. In this way, each regional systolic minor axis
was directly compared with its immediately preceding di-
astolic dimension to yield the regional ejection fraction. The
total ejection fraction (EF) was then taken as:
EF total = (EF, + EF2 + EF3)/3.
(I)
(3)
(2)
v = 5/6 AL,
A = tr (D/2)2.
5/6 7f (Do/2)2 Lo - 5/6 7f (Ds/2f Ls
5/6 tt (D o/2)2 t.,
Then, ejection fraction would equal:
EDV - ESV
EDV
ECIIOCARDIOGRAPHIC EJECfJON FRACTION
Figure 2. Apical four chamber
view of a normal heart at end-sys-
tole and end-diastole. In method
A, left ventricular (LV) minor axis
D is measured at end-systole and
end-diastole at the midventricular
cavity level. The left ventricular
major axis L is measured from the
apex of the left ventricleto the base
of the mitral valve. In method 8,
measurements of the regional left
ventricular minor axes, OJ, O2 and
0
"
are made at three equidistant
points at the upper, middle and
lower third of the left ventricular
cavity at end-systole and end-di-
astole of the same cardiac cycle.
The major axis L is measured as
before. Directions I, L, Rand S
are inferior, left, right and supe-
rior, respectively. LA = leftatrium;
RA = right atrium; RV = right
ventricular.
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The interobserver variability for both methods was as-
sessed in 15 consecutive patients by two observers unaware
of each other' s findings or of the angiographic and nuclear
results .
Angiographic measurements. Single plane left ven-
triculography was performed in all 68 patients by injection
of Renografin-76 in the 30° right anterior oblique position.
The outline of the left ventricular cavity was then traced in
end-di astole (largest left ventricular cavity size) and end-
systole (smallest left ventricular cavi ty size). The eject ion
fraction was then calculated using the method of Kasser and
Kenned y (11). Only contractions in normal sinus rhythm
not preceded by a premature contraction were used for cal-
culation of ejection fraction . This requ ired the exclusion of
four patient s because of contrast-induced ventricular tachy-
cardia. Angiograms were performed and analyzed by an
independent observer unaware of the echocardiographic and
gated nuclear scanning result s.
Gated nuclear scanning measurements. Fourteen of
the 68 patients had gated nuclear scanning performed within
36 hours of angiography. Red blood cells were labeled in
vivo by intravenous injections of 1.7 mg of stannous py-
ropho sphate followed 15 to 20 minute s later by 20 mCi of
intravenous technetium-99m pertechnetate . Imaging was
performed using an Ohio Nuclear camera in the left anterior
oblique position. Ejection fraction was then determined as:
ED counts - ES counts
---------x 100,
ED counts
where ED = end-diastolic and ES = end-systolic.
Statistical analysis. Stat istical correlation between
methods was made using linear regression analysis.
Results
Method A. Ejection fract ion determinations by echo -
cardiographic methods A and B and by angiography are
listed in Table I. Of the 52 pat ients with coronary artery
disease , 24 (46%) had echocardiographic wall mot ion ab-
normalities. All eight patients without coronary artery dis-
ease had normal wall motion. In the absence of wall motion
abnormalities, method A provided an excellent correlation
with angiography (r = 0. 85). The presence of echocardio-
graphic wall motion abnorm alities resulted in a marked re-
duction in the degree of correlation between method A and
angiography (r = 0.380). Comb ining all 60 patients, the
overall correlation between method A and angiography was
fair (r = 0 .79) (Fig. 3).
Method B. Ejection fraction determined by the regional
echocardiographic method B resulted in a very close cor-
relation with angiography (r = 0 .90). In addition, the
regression equation had a remarkably small Y intercept of
Table 1. Summary of Data in 60 Patients
Echocardrography
Angiography
Wall Motion Ejection Fraction ('70) Ejection Fraction
Case Valve CAD Abnormality Method A Method B ('70)
I NI 2 + Inf-A 50 43 38
2 AS 0 0 45 46 46
3 NI 1 + Ant-D 46 52 57
4 Nl 3 + Inf-H 40 53 52
5 Nl 3 + Ap-A 55 52 57
6 NI 3 + Inf-A, Ant-H 51 43 42
7 NI 2 + Ant-D 61 45 40
8 NI 3 + Ant-D 52 46 33
9 NI 2 0 60 60 63
10 NI 3 + Inf-H 42 36 31
11 NI LM 0 63 70 68
12 NI 3 + Inf-A 40 44 49
13 AS 3 0 66 62 74
14 AS 3 0 46 49 54
15 NI I + Ant-H 62 60 60
16 NI 3 + Inf-D 54 50 47
17 NI 3 0 76 70 67
18 Nl I + Inf-H, Ant-H, L-H 28 34 43
19 MR I 0 61 63 61
20 AR 0 0 36 33 42
21 NI 3 0 53 53 48
22 MR 3 0 66 67 65
23 NI I 0 43 45 44
24 AS 0 0 62 62 61
25 NI 3 0 63 61 68
26 NI I 0 57 57 60
27 NI 2 0 53 53 51
28 AS/AR 0 0 60 63 69
29 NI 2 + Ant-H 59 59 60
30 AR I 0 78 75 80
31 NI 0 0 52 59 55
32 AS 0 0 52 55 56
33 NI 3 0 50 52 47
34 NI LM + Ap-D 50 51 49
35 NI 2 0 58 65 62
36 NI 3 0 60 58 66
37 NI 0 0 73 68 71
38 NI 3 + Inf-H 51 54 56
39 NI 2 + Inf-D 52 44 46
40 NI 3 + Ant-H, Inf-H 44 37 40
41 ARlMR 3 0 66 57
42 NI 0 0 68 78
43 NI 0 0 65 67
44 NI I 0 63 72
45 NI 3 + Inf-D 59 57
46 NI 3 + Ant-D 55 50
47 NI 3 0 68 60
48 NI 3 0 62 64
49 NI 3 0 71 70
50 NI 3 + Ant-D 45 42
51 NI 3 0 58 57
52 AS 3 + Ap-H 53 54
53 NI 3 0 61 57
54 NI 2 + Ap-D 57 58
55 NI 3 0 54 60
56 NI 2 0 64 74
57 NI 2 0 77 78
58 NI 3 + Inf-D 53 43
59 Nl 2 0 70 64
60 Nl 3 + Ap-H 46 48
A = akinesia, Ant = anterior, Ap = apical: AR = aortic regurgitation; AS = aortic stenosis; CAD = coronary artery disease; D = dyskinesia;
EF = ejection fraction; H = hypokinesia; Inf = inferior: L = lateral; LM = left main coronary artery; MR = mitral regurgitation; Nl = normal:
numbers 0 to 3 under CAD indicate the number of blood vessels with significant (> 75'70) stenosis.
ECHOCARDIOGRAPHIC EJECTION FRACTION J AM COLL CARDIOL
1983:1(6) 1471-8
1475
90 90 90
80 (L)L .. 80 (EBL 80 [=t)L .... ...
70 . .' 70 70 .'
0 '. 0 0 ... . ..... ....' .'60 ... . 60 .. 60 ...• .
0 .. . 0 . ••• e • 0 '\.... .
~ 50 C> C>. z 50 . . z 50 '... . .. .. . .' .. .. :...... . ... . .' u, .. .'~ 40 ~ 40 . ~ 40 .
~ ~ ~
30 "'36 30 30
, '.854 "'24 "'60
20 p<.OOI 20 ".380 20 ".788
Y'.087. 09.55
y'.4. 027.52
p<.IO
Y'.89. 06.44
p<.OOI
'0 10 10
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 0 '0 20 30 40 50 60 70 80
("!oIEF 2-0 ECHO ("!oIEF 2-0 ECHO l"!oIEF 2-0 ECHO
0.10 and slope of 1.01, indicating a close adherence to the
line of identity. When only those patients with wall motion
abnormalities were considered, this method continued to
provide a good correlation with angiography (0.82), with a
small Y intercept and slope of 0.99 in the regression equation
(Fig. 4). Interobserver correlation (Table 2) was also high
for both method A (r = 0.887) and B (r = 0.885). The
regression equations again indicated close adherence to the
line of identity (Fig. 5). In addition to the high correlation
coefficient with angiography, method B reliably discrimi-
nated between angiographic ejection fraction greater than
and less than 50%.
In the 14 patients who also had gated nuclear scans the
correlation with both method A (r = 0.84) and B (r
0.90) was good to excellent, respectively (Fig. 6).
Figure 3. Relation between left ventricular ejection fraction (EF)
determined by angiography (ANGlO) and two-dimensional echo-
cardiographic (2-D ECHO) method A in patients with normal left
ventricular wall motion (left), those with wall motion abnormalities
(center) and in all patients (right). n = number of patients; p =
probability; r = correlation coefficient.
Figure 4. Relation between left ventricular ejection fraction de-
termined by two-dimensional echocardiographic method B (x) and
angiography (Y) in all patients (left) and in patients with wall
motion abnormalities. Cross bars (left) separate ejection fractions
greater than and less than 50%. Abbreviations as in Figure 3.
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Table 2. lnterobserver Reproducibility of Echocardiographic Ejection Fraction
Method A (o/c) Method B ('1L)
Case
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
Observer 1 (x)
40
55
51
61
52
60
66
46
66
63
57
60
59
65
48
Observer 2 (Y)
46
53
54
57
56
62
76
44
64
72
62
70
60
70
46
Observer I (x)
53
52
43
45
46
60
62
49
67
61
57
63
59
69
42
Observer 2 (Y)
55
56
50
50
43
57
75
47
65
68
54
72
62
70
42
Observer 1 (x) versus observer 2 (v) using method A: r = 0.888; Y =
0.885: Y = 1.06 - xO.92.
Discussion
Previous echocardiographic methods for measuring
ejection fraction. The ejection fraction of the left ventricle
is an important index of cardiac function that lends itself to
quantitative assessment by two-dimensional echocardiog-
raphy. The standard methods presently employed to deter-
mine ejection fraction are either invasive with inherent risks,
Figure 5. Interobserver reproducibility of two-dimensional echo-
cardiographic method A (left) and method 8 (right). Abbreviations
as in Figure 3.
or require complex computer and radiation exposure to the
patient. Two-dimensional echocardiography is an ideal non-
invasive method that can be readily repeated with no ra-
diation risk and has been shown to be accurate in many
series (2,3,7-9). The most accurate method has been Simp-
son's rule, which requires multiple tomographic sections
through the left ventricle. The area of each section is then
measured by planimetry. The ejection fraction is calculated
by adding the areas of each section times the distance be-
tween each section at end-systole and end-diastole. Vol-
umes determined this way show excellent correlation with
true displacement volumes in postmortem human (4) and
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animal studies (1-3). Corre lation with angiography is also
excellent, eve n in the presence of wall motion abnormalities
(3,8, 12). Despite its accuracy, use of Simpson's rule is
tedious, involving multiple views and image tracing. Over-
lying ribs frequen tly preclude visualization of all the nec-
essary multiple tomographic planes . The tracing of the video
image is further complicated by fragmentation and partial
dropout of the endocardium, especially during the freeze
frame.
A simpler formula that assumes the left ventricle to be a
combination ofa cylinder and prolate ellipse has been shown
to be almost as accurate as Simpson's rule when compared
with angiog raphy (6, 12) and true displacement volumes (1-
4). Even though this method is simpler, it also requires
image tracing and planimetry which limit its usefulness at
the bedside.
Recently, a method was proposed by Quinones et al. (10)
that obviates the need for planimetry. An average left ven-
tricular minor axis is determined from multiple views in
end-systole and end-diastole . A preliminary ejection fraction
is then calculated using a modified ellipse algorithm. The
left ventricular major axis shortening is not measured. The
contribution of major axis shortening is estimated by adding
or subtracting an arbitrary percent to the preliminary ejection
fraction according to the severity of apical wall motion
abnormalities . The reported correlation with gated nuclear
scanning and angiography was very high. This method,
although attractive because it avoids planimetry, has certain
limitations. Many measurements are required and the con-
tribution to the ejection fraction by left ventricular major
axis shorteni ng is not measured but estimated from a sub-
jective appraisal of apica l wall motion abnormalities .
Figure 6. Relation between left ventricular ejection fraction de-
termined by gated nuclear scanning (GNS) and two-dimensional
echocardiographic method A (left) and method B (right) . Abbre-
viations as in Figure 3.
New method. In our study, we propose a new method
for rapidly quantifying left ventric ular ejection fraction with-
out planimetry or subjective estimation. When echocardio-
graphic wall motion abnormalities were absent, our method
A (which requires only single measurements of the left
ventricular minor and major axes in end-systole and end-
diastole) correlated extremely well with angiography . Our
compartmentalized method B provided excellent correlation
with angiography and gated nuclear scanning in all patients,
including those with wall motion abnormalities. Because
two-dimensional echocardiography can rapidly and accu-
rately determine whether wall motion abnormalities are present
(13,14) , the physician can employ eithe r method A (in ab-
sence of wall motion abnormalities) or method B (when
wall motion abnormalities are present) at the bedside . Thus ,
rapid and accurate measurement of ejection fraction is
achieved .
Advantages. The major advantage of our method is its
rapidity, simplicity and repro ducibility . Multiple image
tracings, complex calculations or special equipment such as
microprocessors are not required. Because only two op-
posing points of endocardium are needed to measure a ven-
tricular axis, the problem of partial endocardial dropout that
complicates planimetric techniques is overcome . Our meth-
ods depend on relative fractional shortening of the left ven-
tricular axis rather than absolute measurement. Thus, fore-
shortening of the left ventricular apex in the apical four
chamber view is not a significant prob lem as long as the
1478 J AM cou, CARDIOl
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distance between the same two points is measured at both
end-systole and end-diastole. For this reason, measurements
were made at end-systole and end-diastole of the same car-
diac cycle rather than comparing the average measurements
from multiple contractions in several views.
Our method has certain advantages over the one de-
scribed by Quinones et at. (10). The left ventricular major
axis contribution to ejection fraction is measured and· not
estimated. Also, each systolic measurement is compared
directly with its immediately preceding diastolic dimension
rather than comparing averages of end-systolic and end-
diastolic minor axes. This should reflect relative fractional
shortening more accurately and may increase the likelihood
that small consistent errors in the measurement of the end-
systolic and end-diastolic dimensions cancel each other.
Limitations. Despite our good correlations with angi-
ography and gated nuclear scanning, our methods do have
potential limitations. Because only one view is used for
measurements, dyskinetic segments involving nonvisual-
ized left ventricular walls may be omitted, resulting in over-
estimation of ejection fraction. Conversely, if one of the
left ventricular axis measurements transects a very localized
area of dyskinesia, the effect of the wall motion abnor-
malities will be exaggerated and underestimation of ejection
fraction may result. Resolution of endocardium in the apical
four chamber view may be suboptimal. This could pose a
problem for planimetric techniques; however, we have not
had significant difficulty because our method does not re-
quire tracing of the entire endocardial surface. Instead, vis-
ualization of only two opposing points of left ventricular
endocardium is needed to measure the desired left ventric-
ular axis. Because our method relies primarily on deter-
mination of relative fractional shortening to measure ejec-
tion fraction, no estimation of absolute left ventricular volume
is possible. Finally, parallax errors produced by taking mea-
surements directly from the video monitor screen is another
limitation of our technique. However, because we were not
measuring absolute volumes but only deriving a ratio of
diastolic and systolic measurements, small errors on this
basis would tend to cancel one another.
In conclusion, we are proposing a simple, accurate and
reproducible two-dimensional echocardiographic method for
determining ejection fraction without planimetry. A single
apical four chamber view is sufficient with direct measure-
ment of both major and minor left ventricular axis short-
ening. In the absence of wall motion abnormalities, a very
simple method A yields the ejection fraction accurately. If
wall motion abnormalities are present, a regional method B
provides excellent results.
We thank Elizabeth Czartorysky Baran for her excellent and careful as-
srstance in preparing the statistical analysis.
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